The manifestations of Takayasu's arteritis of the aorta were studied in 84 patients. The extent of the involvement of the aorta was classified on aortographic examination in 54 patients and from the clinical manifestations in 30. Involvement of the aorta was classified as: (1) arch type in 47 cases; (2) extensive type (whole aorta and its branches involved) in 27 cases; and (3) descending thoracic and abdominal type (only descending thoracic and abdominal aortas involved) in 10 cases. The three types resembled one another in clinical manifestations and laboratory findings except for ischemic signs which varied with the type of lesion and a slight difference in the ratio of male to female patients. Generalized, cardiac and pulmonary symptoms were noted by about two thirds of the patients in the early stage. About one third complained of local pain. The erythrocyte sedimentation rate and C-reactive protein were high values during the active stage of this disease. The hemagglutination test using tannic acid-treated erythrocytes was positive in five of seven cases. It is not clear yet that circulating anti-arterial antibodies are the direct cause of Takayasu's arteritis.
other aortic arch syndromes.-'l`Since then the name of Takayasu's arteritis"' has been used for an arteritis of unknown etiology affecting the aortic arch and its branches, which is relatively frequent in young females in the Orient. Several authors,' on the other hand, reported some cases in wvhich the aorta became coarcted by an inflammatory process of unknown etiology. It has been called "atypical coarctation of the aorta." 23 Since it has been necessary to differentiate the acquired eases from those of congenital coarctation foutnd in unusual sites,2 the term "acquired coarctation of the aorta" (personal communication from Kimoto and associates) is used in this paper. Kimoto and associates23 mentioned that the incidence of acquired coarctation of the aorta in adults was relativelv high in Japan, especially in young wvomer'. According to Danaraj and \Vong24 and Inadi and associates,2 20 the pathological findings of acquired coarctation of the aorta bore a striking resemblance to those of Takayasu's arteritis. According to Nasu's autopsy finOinggs, 28 Takayasu's arteritis affects the abdominal aorta. the pulmonary arterial trunk, and their branches as well as the aortic arch and its branches. It has been assumed that acquired coarctation of the aorta falls into the same category as Takayasu's arteritis. [24] [25] [26] [27] [28] [29] The author's departments encountered 84 cases of Takayasu's arteritis and acquired coarctation of the aorta. In this paper, wve will summarize the data on clinical signs and symptoms and laboratory findings, which might be induced by inflammatory or immunological process, and will follow with a discussion on whether an auto-immuniiological mechanism might be responsible for the development of Takayasu's arteritis.
Methods
Fifty-three patients with Takavasui's arteritis anid acquired coaretationi of the aorta were seeni in the Third Department of Internal Medicine. University of Tokyo, from 1945 to 1966,3" --- 35 13 cases in the Second Department of Internal Medicine, Sapporo Medical College, from 1954 to 1965,-3 eight cases in the First Department of Internal Medicine, Nagasaki University, from 1961 to 1965,3i five cases in the First Department of Internal Medicine, Showa University, from 1958 to 1965,>3 three cases in the First Department of Internal Medicinie, Toho Universitv, from 1961 to 1965, and two cases in the Cardiovascular Unit, Tora-no-mon Hospital, from 1959 to 1965. 39-4-t The 54 patients were classified into three groups according to the location of arterial lesions as revealed in the aortogram. In almost all subjects of this third group, parts of the aorta were narrowed markedly but n1(o involvement of the ascending thoracic aorta and the aortic arch was evident in the aortogram.
In an additional 30 patients nio retrograde aortogram was made. These were classified into the above-mentioned types only oni the basis of clinical manifestations. Group A in this paper consists of patients classified oni the basis of aortography and group B was composed of patients classified clinically.
Results

Clinical Manifestations
Age and Sex
The first manifestation of Takayasu-s arteritis was recognized between the ages of 11 and 48 years. In 66 of the 84 patients (78.5%), it was between the ages of 11 and 29 years. There was no significant difference in age of the first clinical manifestation among the three groups (table 1 ) . There was a distinct predilection of morbidity for the female in arch-type and the extensive type of lesions. Forty-one of 47 patients (87.3%) with arch-type lesions and 24 of 27 (88.9%) with extensive lesions were female, and seven of 10 patients (70.0%) with descending thoracic and abdominal-type lesions were female (table 1) .
Generalized Signs and Symptoms
About two thirds of the patients manifested systemic reactions such as malaise, fever of moderate grade, stiffness of the shoulders, nausea, vomiting, night sweating, anorexia, loss of weight, and irregularity of menstruation. In most patients, these manifestations occurred a few weeks or more before the local signs and symptoms appeared; they persisted for a few weeks after the local signs appeared, and were rarely observed during the later stages of the disease. In the other 31 patients, no generalized signs or symptoms were present (table 2) .
Cardiac and Pulmonary Signs and Symptoms
The common cardiac and pulmonary manifestations were palpitation, tachycardia, shortness of breath, dyspnea, coughing, sputum, and edema. These manifestations were pres-Circulation, Volume XXXV, June 1967 ent only in the relatively early stage of this disease and thereafter disappeared. Eleven patients had angina pectoris.
No differences were found in generalized cardiac and pulmonary signs and symptoms among the three groups (table 2).
Local Pain
In 27 patients (29 instances) who complained of local pain over the affected arteries in the neck, shoulder, chest, back, and abdomen, the inflammatory process was presumably responsible (table 2). In two cases, progressive weakening and eventual disappearance of pulsation in the affected arteries with an advance in local pain and fever was demonstrated.
Inadequate Circulation in the Cerebrum, Eyes, Face, and Extremities Cases of three groups show the signs and symptoms which were presumed to have been caused by inadequate circulation in the cerebrum, face, and upper and lower extremities, such as dizziness, syncope on bending the head backward, headache, and impaired vision and intermittent claudication in the upper and lower extremities, and so on. Variations among the groups may be explained on the basis of the distribution of the arterial lesions. ::ESR = Erythrocyte sedimentation rate; -= negative; + = positive.
Laboratory Findings
Hematological Examination and Coagulation Test
A slight degree (less than 4,000,000) of hypochromic or normochromic normocytic anemia was present in 34 of the 75 patients studied (table 3) . In two patients, the erythrocyte count showed a slight increase on Circulation, Volume XXXV, June 1967 admission, and then gradually returned to normal.
Moderate leukocytosis (more than 10,000) was found in 11 of 77 patients studied. A shift to the left of polymorphonuclear neutrophils was rarely present. Eosinophilia, mostly transient (more than 5%) occurred in nine of 70 (20 mm or more per hour). In general ESR was elevated during the early and active stages of the disease followed by a gradtual return to normal. The ESR proved to be an excellent index for the activity of this disease (table 3) .
Electrophoretic and Irnmmino-electrophoretic Studies
The total serurn protein was usually normal. Electrophoretic studies disclosed a decrease in albumin and an increase in a-globulin (especially a.,-globulin) and y-globulin (table 3) . In seven patients the immunoelectrophoretic method was used to examine the y-globulin fraction. As a result, the IgG fraction showed an increase in all the patients studied, while the IgM fraction showed ac slight increase in only one subject.41 3) .
Anticomplementary Wassermann tests were positive in two of the young subjects without concomitant clinical manifestations of syphilis. The Mantoux test was positive in 55 of 64 patients tested. This positive rate was not higher than the average positive rate in Japan. Twenty-five of 55 patients showing positive reaction, however, were hypersensitive to the Mantoux test, developing papules, induration, and skin ulcers. No positive L.E. cell preparation could be demonstrated in any of the patients studied. The indirect or direct Coombs' test was negative in all the subjects examined (table 3) .
Specific tests were performed in seven patients to detect circulating anti-artery antibodies, using human aortic suspension as antigen. The hemagglutination test with tannic acid-treated red blood cells was positive in five of the seven patients tested. It was negative in the seven normal controls.
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This test was negative in the seven patients with Takayasu's arteritis when carried out with the homogenates of heart, liver, kidney, spleen, bone marrow, and lymph node. In the four patients tested, hemagglutination reaction was inhibited by the suspension of human aorta (at a concentration of protein of 100 mg/ml). The antihuman y-globulin consumption test was positive in three of the four patients with Takayasu's arteritis, but was negative in normal patients.41 Antinuclear antibodies were positive in one of two patients examined. 42 The laboratory findings, involved area, and years after the onset of manifestations concerning the titration of circulating anti-artery antibodies, are shown in table 4. It was impossible to find any relationship among them.
Hormonal Research and Serum Chemistry
All patients examined had no hormonal disturbances so far as the total daily amount of excretion of 17-hydroxycorticosteroids, 17ketosteroids, and catecholamines, and other functions of the pituitary and adrenal glands are concerned.
The values of the basal metabolic rata_ and '311-resin uptake were within normal limits in all except one patient with a well-developed collateral circulation through the thyroid gland.
As shown in table 3, no significant differences could be found in laboratory findings among the three types.
Aortographical Findings
Arch Type. These cases exhibited stenosis or occlusion at the proximal part of the branches of the aortic arch. At the ascending thoracic aorta and the aortic arch, however, contrast medium revealed coarctation in only one patient and moderate stenosis with irregular internal surface or thickening of the aortic wall in three other patients. Four patients showed moderate dilatation, but 16 others failed to exhibit any aortographic changes in the aorta.
Descending Thoracic and Abdominal Type.
The descending thoracic aorta or abdominal aorta was narrowed markedly in eight patients and moderately in one patient. Two had moderate poststenotic dilatation of the aorta. Stenosis of the femoral artery was evident in two patients. Stenosis of the inferior mesenteric artery (meandering artery) was visible in two patients, and stenosis of the renal artery was seen in three. (2)* In the present series, 12 patients had a history of arthralgia. There were signs of acute inflammation with redness, swelling, heat, pain, and tenderness at the affected joints in three of the 12 patients stuffering from arthralgia, but none in the other patients. Although aches and pains occasionally attacked some other joints, arthralgia was not always migratory. Carditis, chorea, and high fever were not found. Arthralgia occurred at an early rather than later stage. On admission, roentgenological examination and clinical examination revealed no abnormalities in the joints and Fone system. The rheumatoid factor was positive in only one of the 12 patients suffering from arthralgia.
Five patients had experienced erythema nodosum. One patient suffered from erythema induratum and another from pyoderma gangrenosum. Some patients experienced drug allergy, bronchial asthma, acute nephritis, and toxicosis of pregnancy. Two patients experienced an erythematous eruption involving the malar region and the bridge of the nose. The eruption wvith sharp margins without projection and induration disappeared completely in 3 or 4 days; no L.E. cells wvere found. In the early stage of the disease, three patients had Raynaud's symptom, which was apparently different from symptoms and signs due to narrowing of the proximal parts of the arteries of the extremities (table 6) .
Clinical Course
At the onset of Takayasu's arteritis almost all patients began to deteriorate gradually. The signs and symptoms became more severe.
More than half of the patients had generalized, cardiac and pulmonary signs and symptoms wvhich disappeared in the course of 3 weeks or more. Thereafter, the majority of the patients either were slightly improved owing to the development of collateral circulationi or the condition remained unchanged. Figure 1 shows the relationship between the value of the erythrocyte sedimentation rate and years after onset of the manifestations of this disease. The high values were found in patients who had lived less than 10 years after the onset of the disease, while patients surviving more than 20 years followving discovery of the disease showed normal values. Titers of C-reactive protein showed similar tendency. Of six patients in whom progressive aggravation of symptoms was seen, two showed aggravation of ocular manifestations alone, especially impaired vision of both eyes, two developed hypertension with cardiac failure, and two showed progressive changes in the inflammatory process of the aorta which resisted all forms of treatment.
The fatal outcome in six patients is noteworthy. In three, the cause of death was Remarkable 2 1 2 5 *A = Classified on the basis of aortograpbic findings. tB = Classified according to clinical manifestations. left-sided heart failure. One of these three (arch type) suffered from aortic and mitral valvular disease, a fourth patient (extensive type) suffered from angina pectoris and pericarditis. Death occurred suddenly in two other patients, but the causes of death are unknown (table 7) . Table 8 shows the interval between the onset of Takaysau's arteritis and death from the disease. Death occurred in two patients (2.5% of the patients followed up for the period) within 1 year from acute heart failure in one and massive ovarian bleeding in one; in two patients (2.8% of the patients followed up) between 1 and 4 years from acute heart failure in one and sudden death in one; and in two patients (28.5% of the patients followed up) between 20 and 29 years from acute heart failure in one and sudden death in one.
Treatment
In the early and acute stage of Takayasu's Circulation, Volume XXXV, June 1967 arteritis, antibiotic treatment for tuberculosis was applied in 15 cases without significant effect.
Corticosteroids administered to 29 patients induced remarkable clinical remissions in five, and sufficient remissions in 13. The radial pulse became palpable in five, fever disappeared in two, and local pain subsided in two (table 9 ). After treatment, the values of the erythrocyte sedimentation rate and Creactive protein tended to return to normal in almost all cases (fig. 2 ). This treatment, however, had poor effect on 11 patients and could not suppress the inflammatory findings in two. Corticosteroids were used only in the acute inflammatory phase after which some other drugs were used.
Anticoagulant treatment had some effect in only one of 12 patients. Several kinds of vasodilators were of help in providing at least symptomatic relief in a few. Chloroquine and Years after onset <0.5 < 1.0 1-4 5-9 10-19 20-29 30-39 40 or more Total compounds of salicylic acid were admiinistered to many patients but wvere apparently effective in only one.
Discussion
Takayasu's Arteritis and Acquired Coarctation of the Aorta In this paper patien-ts wvith Takavasu's arteritis and its related diseases were classified into three types: arch type, extensive type, and descending thoracic and abdominal type. It may be better to consider these conditions together under the name of "Takayasu's arteritis" and in these three types until such time xvhen these cases can be divided into some etiologically different diseases. These three types resembled one another in clinical manifestations and laboratory findings, except for ischemic signs and symptoms according to the localization of arterial stenosis and slight difference of ratio between male and female.
Manifestations and Laboratory Findings at the Early Stage of Takayasu's Arteritis
It has been said that in cases of Takayasu's arteritis generalized, cardiac and pulmonary symptoms usually play only a minor role in the clinical picture. However, these signs and symptoms12 18,43-52wvere noted in about txvo thirds of the patients studied. They vere found only in the early stage of this disorder, except in some exceptional cases which were accompanied by valvular diseases, pericarditis, and other conditions. At the same time, it should be noted that about one third of the patients complained of local pain over the affected arteries in the initial stage. Moreover, high values of erythrocyte sedimentation rate, C-reactive protein, and leukocyte count at the initial stage came down in the course of illness indicating the tapering off of the inflammatory process.
Relationship Between Takayasu's Arteritis and Rheumatoid Disorders
Some relationship betwveen Takavasus arteritis and rheumatoid arthritis has been suspected by several authors.5 6112, 19 41. 52-56 In some cases of Takayasu's arteritis, pain or discomfort of joints12' 52-5557-66 erythema no-dosum, iritis and sclerokeratitis as well as increases in antistreptolysin-O titer53 60, 62 and positive rheumatoid factors56 were found. On the other hand, in some cases of typical rheumatoid arthritis, changes in small arteries wvere found, especially in association with rheumatoid nodules. Recently, involvemeint in the aorta and its branches was reported in some cases of rheumatoid arthritis.60 7 Although 12 patients in the present series had a history of arthralgia only in the initial stage, arthralgia in these patients did not fall under the category of rheumatic fever anid classical or definite rheumatoid arthritis, according to the criteria of the Committee of the American Rheumatism Association. A natural explanation for such arthralgia nmight. therefore, be that it is one of the manifestations of Takayasu's arteritis.
In the present investigation, some patients showed the high titers of antistreptolysin-O and positive rheumatoid factors. Two of 11 patients, showing high titers of antistreptolysin-O, had a history of arthralgia, but on admission no apparent clinical evidence of rheumatic fever vas found and the titers failed to show a tendency to decrease. On the other hand, only one of the patients xvith positive rheumatoid factors had a history of arthralgia, wvhich did not fall under the category of classical or definite rheumatoid arthritis. So, although it cannot be completely denied that these patients suffered from rheumatic fever or rheumatoid arthritis, the rheumatoid factor appears to be the expression of abnormalities in y-globulin similar to those in rheumatoid arthritis.
Circulating Anti-aortic Antibody Several authors have postulated that an auto-immunological mechanism is in operation in Takayasu's arteritis.'s 19, 43. 49, 52-54. 68, 63 Aortic arch syndrome has been found in disorders presumably due to auto-immune mechanisms such as systemic lupus erythematosus,52 61 Sandring and XVelin53 reported positive sheep cell agglutination in two adults. Ueda and associates73 showed a positive complement fixation test in cases of Takayasu's arteritis. Hirsch and associates68 demonstrated the presence of y-globulin in the aorta affected with intense mononuclear inflammation. On the other hand, Hirsch and Wakisaka and their associates68' 74 stated that the test for circulating anti-arterial antibodies had been negative in this disease. According to Hirsch and associates68 the indirect fluorescent antibody technique also failed to demonstrate any circulating antibodies against the constituents of the normal aorta and its branches.
In the present study, the hemagglutination test using tannic acid-treated red blood cells was positive in five of seven cases of Takayasu's arteritis. The specificity of this antigenantibody reaction was confirmed by the hemagglutination-inhibition test and the antihuman y-globulin consumption test.41 Antinuclear antibodies were positive in one of two patients in the present study.42 Tuberculin reaction was positive at the second or third strength in more than one third of the patients studied, indicating hypersensitivity of the skin and other tissues.
There is no definite evidence at present that the circulating anti-arterial antibodies are the direct cause of Takayasu's arteritis.7-77 Vhether an auto-immunological mechanism may take place in Takayasu's arteritis, or whether the circulating anti-arterial antibodies may be produced only as a result of destruction of the arterial tissue should be investigated further.
